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It has previously been reported from this laboratory that there is a substance 
present in  acid-hydrolyzed proteins and yeast extract which is  essential for 
the  formation  of  Staphylococcus  muscae  phage  (1,  2).  Earlier  experiments 
carried out in veal infusion medium indicated that there existed a competition 
for this nutrient between the host and virus (1).  There also appeared to exist 
a  competition effect between the host and virus for niacin (1). 
With such a complex medium as veal infusion it was ditficult to analyze the 
"competition effect" further, since it was impossible to control the amount of 
nutrient available.  Different lots of veal infusion also had varying amounts 
of the nutrient.  In order to study this system, it was desirable to find a  syn- 
thetic medium whereby one could control all additions. 
An  analysis of the  "competition effect" for the hydrolyzed protein factor 
has been carried out in synthetic medium and is reported in this paper.  The 
results show that the casein factor is essential for phage production but not 
for the growth of the host cells, although growing cells may remove this factor 
from the culture medium. 
RESULTS 
Fig. 1 shows the effect of 10 mg. and of 2.0 mg. of hydrolyzed casein on phage 
formation.  With  the  large  amount  of casein  there is  a  steady  increase  in 
phage which finally results in cellular lysis.  With the small amount of casein 
there is an increase in virus formation for the first 3 hours and then the increase 
of phage stops although the cells keep on multiplying.  It appears that some 
substance is used up in the medium which is essential for the formation of the 
virus but not for the host, although the host may metabolize it. 
Fig.  2  shows that the addition of hydrolyzed casein to a  system in which 
the phage formation had stopped results in a  further increase in virus.  This 
experiment indicates that it is a factor in the hydrolyzed casein which is limit- 
ing the formation of the virus.  This factor has been purified and its isolation 
will be described in a  later publication. 
A further analysis of the effect of a  small amount of casein factor may be 
carried out by means of the one-step growth curve method.  The results of 
such an experiment are shown in Table I.  The cells were allowed to grow for 
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3½ hours  to metabolize the  small amount of casein present,  since from Figs. 
1 and  2  it can be seen that at the  this  time the formation Of virus stopped, 
At the end of 3½ hours phage was added to both tubes and more casein to only 
one tube.  The adsorption of virus was the same in both samples but the cells 
which  received the  added  casein formed 15 particles per cell,  while the  cells 
which did not receive casein formed only 2 virus particles per cell. 
10  lo 
7 
lo  B 
1.0x10  9 
10'[ 
1.0xl08 
10 s  .1.0×.10 "t 
0 
J.O  5 
~l.aq'l.i.es .pe~ ml.  -~ 
I  I  I  I  I  I  I  I  I 
30  60  90  120  150  180  2.10  240  ~0  300 
FIG. 1.  The effect of varying concentrations of hydrolyzed casein on phage forma- 
tion.  The  bacteria and  phage were prepared as  described  under  Methods.  One 
tube received 2.0 rag. of hydrolyzed msein and the other tube 10.0 rag. of hydro|yzed 
casein.  Bacteria and phage were then determined at intervals. 
Fig. 3 illustrates the effect of varying the phage concentration in the presence 
of a  small amount  of casein.  With  the  low concentration  of phage only a 
few host  cells are initially infected.  These infected cells produce phage but 
in the meantime the non-infected cells use up the casein factor so that phage 
formation stops before all the cells are infected.  With high phage concentra- 
tions many more of the host cells are initially infected, so that the host cells 
do not have the opportunity to remove the casein factor before they are all 
infected and under these conditions enough phage is formed to destroy all the 
cells.  This explanation predicts that many of the host cells which  continue 
to grow in the low phage tube are not infected.  This prediction may be verified 10 9 
WINSTON  H.  PRICE  215 
f 
t 
5.0 m.q. casein 
10  7  adi:le.4 
10  6 
j0 ~  I  I  I 
80  60  90  120  150  180  210  240  270  ~K)0 
l'finut¢~ 
Fio. 2.  The effect of adding hydrolyzed casein to a limited phage-forming medium. 
The same conditions were used as described in Fig.  1, with initial concentrations of 
1.0  X  108 ceils per ml., 1.0  X  105 phage particles per ml., and 2.0 rag. of hydrolyzed 
casein.  Phage was determined every hour.  At the end of 4 hours 5.0 mg. of hydro- 
lyzed casein was added to the tube and phage determined at the 5th hour. 
TABLE  I 
One-Step  Growth Curve  after Preliminary Incubation of the Cells 
Eight tubes were set up each containing  10.0 ml. of synthetic medium plus 2.0 mg. of hy- 
droiyzed casein.  All tubes were inoculated with 7.1 X  107 bacteria per ml. and incubated 3½ 
hours.  At this time the cell count was approximately  2.7  X  10  s ceils per ml. in all  tubes. 
Two tubes, A and B, were then inoculated with 0.2 ml.  of phage to give 1.1 X  108 virus par- 
ticles per ml.  Tube B received 10.0 rag.  of hydrolyzed casein.  Tubes  A and B were then 
shaken  for 18 minutes, while the 6 remaining tubes were centrifuged 10  minutes at  5000 
R.P.M. and the supernatant fluid saved.  At the end of the 18 minute shaking period tubes A 
and B were diluted 1 : 10,000 with the supernatant  fluid from the 6 centrifuged tubes.  After 
diluting tubes A and B 1 : 10,000, tube B received 10.0 mg. of hydrolyzed casein, since the first 
10.0 mg. of casein that was added was diluted out.  A one-step growth curve was then carried 
out on the diluted samples of tubes A and B. 
Sample 
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by plating out such cells on broth agar after they have been centrifuged and 
washed.  If the cells were infected, no colonies would form since infected cells 
undergo lysis on this medium.  Actually, approximately 1.5 X  l0 s colonies per 
ml.  were found.  Subcultures from these colonies lyse if infected with phage 
in broth medium, showing that the cells are not a  resistant strain.  The con- 
tinued  growth  observed  in  the  presence  of  low  initial  phage  concentrations 
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FIG. 3.  The effect of a high and low initial phage concentration on the host cells. 
The same conditions were used as described in Fig. 1 except that 1.1  X  l0  T  and 1.1  × 
10  5 virus particles per ml. were added initially to tubes 1 and 2.  The initial cell count 
was 1.0  ×  l0 s cells per ml. and 2.0 mg. of hydrolyzed casein was added to each tube 
at the start of the experiment.  Bacteria and phage were then determined at intervals. 
therefore is not due to continual phage production with cellular multiplication 
as is found in lysogenic cultures but simply to the fact that the casein factor 
which is necessary for phage production has been used up. 
DISCUSSION 
The experiments reported in this paper confirm the earlier reported findings 
of the competition between the bacteria and virus for a  substance present in 
yeast extract and hydrolyzed casein (1). 
The results from these experiments indicate that the concentration of host 
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one gets of virus formation.  By varying the concentration of the above three 
components, it is possible to control the amount of virus formed, even to the 
extent of stopping and starting virus formation.  The concentration of these 
•  three components also determines whether the virus destroys all the cells present 
in the test system. 
There are several other points that should be emphasized in this work.  The 
most  obvious one is  that  the  one-step growth  curve should not be the only 
method used to study phage formation.  If only a  one-step growth curve had 
been carried out in the present work, the competition effect would have been 
overlooked.  It was only by using a much higher initial concentration of bac- 
teria  than  virus  and  then  following the  phage  count continuously that  the 
competition effect was observed.  Once the effect was found, however, a  sys- 
tem could be set up so that the result could be confirmed by a one-step curve. 
The  one-step  growth  curve method has  the  further  serious  disadvantage 
that it does not furnish information as to the effect of the changed conditions 
on the growth rate of the host cells.  The results of many experiments show 
that phage production is closely associated with the growth of the normal host 
culture, in spite of the fact that infected cells do not grow.  For example, if 
virus-infected bacteria were inoculated into different media, the medium which 
would best support the multiplication of the normal cells would in all probability 
give the  best  phage  yields.  It  is  only under very special  conditions  (3-6) 
that phage multiplication may be obtained in a medium which will not support 
the growth of normal host cells.  Experiments such as those reported by Fowler 
and Cohen (7), which showed that the addition of certain nutrients increased 
the formation of E.  coli virus, are difficult to interpret since the effect of the 
nutrients on the rate of growth of normal host cells was not determined.  It is 
not possible to say, therefore, whether the observed effect on phage production 
is a  direct one, or whether it is due to changes in the growth rate of the host 
cells.  In attempting to study such systems, it is of course desirable to have a 
host which does not have too great a  synthetic capacity. 
From the present results it appears that the casein factor must be present in 
the medium at the same time as the virus if the virus is to utilize it for its forma- 
tion.  If the cell first metabolizes it and then the virus is added, it does not 
appear to be available •or  phage formation.  One interpretation of this result 
could be that the casein factor is not synthesized by the bacteria and thus must 
be added to the medium for the virus to multiply. 
In carrying out experiments on the nutritional requirements for phage forma- 
tion, care should be taken not to carry over cells from one system to another. 
For.example, the system used by Spizizen to study the nutritional requirements 
of phage formation is not an ideal one.  Spizizen (8) permitted virus-infected 
bacteria to remain in broth for 7 minutes and then suspended them in buffer. 
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These results could be interpreted  to mean that the nutritional requirements 
for virus formation were very few.  This interpertation may not actually be 
correct, however, since in the short duration of the experiment, the nutrients 
taken up by the virus-infected bacteria in the first 7 minutes may have played 
a  major r61e in virus formation.  Under  Spizizen's conditions the nutritional 
requirements for phage formation would therefore appear less then they actually 
were. 
The results in this paper add another example to the many times shown rela- 
tionship  between  nutrition  and  infectious  disease  (9).  A  very similar  case 
to the one reported in this paper may be in the increased susceptibility of mice 
to pneumonia when they are fed a  diet of natural foodstuffs instead of a  syn- 
thetic  one  (10).  Hitchings and  Falco have recently purified  this factor and 
have shown that it greatly intensifies the pneumococcal infection when given 
to mice  (11).  They have furthermore reported  that extracts of these foods 
are capable of stimulating  the  rate  of growth  of pneumococci in vitro.  This 
factor is not required by the mice.  They conclude that "the unknown factor 
of the  crude foodstuff is more beneficial to  the  parasitic  organism  than  the 
animal consuming the food" (12).  It is to be hoped that future studies will 
reveal similar examples, for analogues of these  compounds may be helpful in 
the control of infectious disease.  Analogues of this type, rather than of vita- 
mins or other substances required  by the host,  have the possibility of being 
better chemotherapeutic agents since the host can do without the compound, 
and there is less of a  chance that the analogue will interfere with an essential 
reaction of the host. 
SUMMARY 
1.  Experiments carried o~ut in Fildes' synthetic medium show that there is 
a  competition  between  the  host  and  virus  for a  substance  present  in  acid- 
hydrolyzed casein.  This substance appears to be essential for the multiplica- 
tion of the virus but not for the host. 
Methods 
Bacteria.--Bacteria  were grown on veal infusion agar slants for 20 hours at 37"C. 
The slants were washed off with 25.0 ml. of veal infusion  and incubated  1 hour at 
37°C.  They were then centrifuged 5 minutes at 5000 R.p.ra., washed once with water, 
recentrifuged, and suspended in water.  0.1  to 0.2 ml. of this suspension  was added 
in all experiments to give the required cell concentration.  The cells were allowed to 
incubate 1 hour in the synthetic medium before the experiment was started.  Cells 
were determined as reported previously (4). 
Synthetic Medium.--The synthetic medium, with varying amounts of hydrolyzed 
casein,  was described earlier (2). 
Phage.--Phage was prepared in synthetic medium as in earlier work (13).  The 
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at 10,000 g.P.M.  The precipitate, which contained the virus activity, was suspended 
in water.  0.2 ml. of phage suspension containing the required number of virus par- 
ticles was added in all experiments.  Phage was determined  as in earlier work  (4). 
One-step  growth  curves  were  carried  out  according  to  Delbriick  and  Luria  (14). 
Reaction Mixtures.--All reaction mixtures were shaken at 36°C. as in previous work 
(4). 
ttydrolyzed  Casein.--Vitamin-free  acid  hydrolyzed  casein  from  General  Bio- 
chemical, Inc., was used in all the experiments reported in this paper.  It should be 
emphasized that various lots of hydrolyzed casein have varying amounts of the factor 
required for virus formation.  It is therefore essential to titrate each lot of hydrolyzed 
casein in order to add the correct amount to demonstrate the competition effect.  In 
all lots of hydrolyzed casein that we have worked with, it was possible to demonstrate 
the competition effect. 
The writer was assisted in this work by Mr. M. Litovchick. 
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